Predicting the metastatic potential of prostate cancer, 1992 by Cooper, Carlton R. (Author) & Cooke, David B. (Degree supervisor)
PREDICTING THE METASTATIC POTENTIAL OF PROSTATE CANCER
A THESIS
SUBMITTED TO THE FACULTY OF CLARK ATLANTA UNIVERSITY
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR
THE DEGREE OF MASTER OF SCIENCE
BY
CARLTON RODNEY COOPER






COOPER, CARLTON RODNEY B.S., MOREHOUSE COLLEGE 1989
PREDICTING THE METASTATIC POTENTIAL OF PROSTATE CANCER
Advisor: Dr. David B. Cooke III
Thesis dated December, 1992
Little progress has been made in assessing the metastatic
potential of prostate cancer. In this investigation, attempts
were made to assess metastatic potential of anaplastic tiunor-1
(AT-1), Mat-Lu (ML), and Mat-LyLu (MLL) cells of the Dunning
System. To accomplish this, we applied ^ioquant biometric
parameters, i.e. area, shape factor, and cell motility.
Also, Bovine Aortic Endothelial Cell Monolayer Adhesion (BAEC)
and Fibronectin Adhesion assays were performed to distinguish
metastatic cells from nonmetastatic cells. The data
investigation revealed that metastatic potential could be
accurately indicated via area and shape factor in some cases.
Cell motility and tumor cell adhesion to fibronectin-coated
plates did correlate with metastatic potential. Dunning tiimor
adhesion to BAEC monolayers and chemotactic response to
fibronectin correlated inversely to metastatic potential.
This investigation demonstrated that the study of t\imor cell
motility and adhesion to fibronectin could play a positive
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Prostate cancer is the second leading cause of cancer
deaths in man following lung cancer (Foster and Mostofi,
1992). Cellular alterations, variance of hormonal
responsiveness in aging men, and exposure to chemicals,
dietary factors and/or viral agents play a role in prostate
carcinoma development (Catalona, 1984). Also, as the cancer
progresses, there is a change in its hormonal sensitivity.
The initial-stage cancers are androgen dependent and
nonmetastatic, while late-stage prostatic carcinomas are
androgen independent and metastatic (Catalona, 1984). The
sublines of the spontaneous Dunning R-3327 rat dorsal
prostatic adenocarcinoma system, mimic many of the same
characteristics of human prostate cancer (Isaacs et al.. 1986:
Fig. 1 and Table 1). This system serves as an excellent
animal model for the ongoing investigation of prostate tumor
progression (Isaacs, J.T., 1987).
There is no documented prognostic method that accurately
predicts the metastatic potential of prostatic adenocarcinoma
(Foster and Mostofi, 1992; van der Poel et al.. 1991; Carter
et al., 1989; Mohler ^ al., 1988 and 1987; and Isaacs ^ al..
1986). Shortcomings of the current grading systems
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Figure 1. The R-3327 Dunning Prostatic
Adenocarcinoma System (Isaacs et al,.
1986)











Table 1. Characteristics of the Dunning
In Vitro Cell lines (Isaacs et
al.. 1986.)










6 Low 51+/-2.4 Yes PD to A
HIF Low 81.1V-7.3 Yes A
AT-1 Low 32.5+/-3.7 No A
AT-2 Low 18.5+/-0.3 No A
AT-3 High 16.8+/-0.2 No A
MAT-LyLu High 19.4+/-0-2 No A
MAT-LU Hiah 20.7+/-0.3 No A
PD = Poorly differentiated
A = Anaplastic
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include the reliance upon examination of dead tissue which
provides only a freeze frame of highly dynamic cancer cells
(van der Poel et al.. 1991; Mohler et al.. 1988 and 1987),
inconsistent reproducibility outside the laboratory where
developed (Gleason, 1992; van der Poel et al,. 1991; Benson et
al.. 1984), and a high degree of subjectivity (van der Poel et
al.. 1991). Based upon the prevailing information, this
investigation has attempted to develop a quantitative method
using dynamic cells from the Dunning R-3327 rat dorsal
prostatic adenocarcinoma model system that can successfully
distinguish between metastatic and non-metastatic phenotypes
by doing the following: (1) measuring cellular area and
motility; (2) comparing adhesion charcteristics of cancer cell
sublines to a monolayer of bovine aortic derived endothelial
cells and fibronectin-coated dishes; and (3) assessing cell
chemotactic response, i«e., unidirectional migration.
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CHAPTER II
REVIEW OF THE LITERATURE
The parental tiomor of the Dunning R-3327 rat dorsal
prostatic adenocarcinoma system was discovered in 1961 by W.F.
Dunning in a 22-month-old inbred Copenhagen male rat (Dunning,
1963). After serial in vivo passages of the parental lesion,
several sublines were developed and subsequently characterized
(Isaac et al.. 1986, Fig. 1) . The G subline is androgen
sensitive and has low metastatic ability. The H subline is a
heterogeneous tumor composed of both androgen-dependent and
androgen-independent tumor cells. Passage of the H subline in
intact rats, gives rise to a fast-growing anaplastic tumor
(AT-1). Despite this tumor's rapid growth, it rarely
produces distant metastasis. However, after continuous serial
passage of the AT-1 subline, two distinct and highly
metastatic/anaplastic sublines developed called Mat-Lu (ML;
metastasis to the lungs) and Mat-LyLu (MLL; metastasis to the
lymph nodes and lungs). Additional passage of the H subline
results in the rise of a second fast-growing anaplastic
subline (AT-2) with a low rate of distant metastasis. The
passage of the heterogeneous H tumor in castrated male rats
results in the development of the HI-S subline which is
hormonally independent and slow growing. Continuous serial
passage of the HI-S subline, produces a faster-growing, less
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differentiated siibline called HI-M (hormonally independent
with moderate growth). After several passages of the HI-M, an
even faster-growing, less differentiated, and low metastatic
potential subline, termed the HI-F is derived. The HI-F
subline, following multiple passages, forms a completely
anaplastic tumor with high metastatic potential called AT-3
(metastasis to the lymph nodes and lungs).
Generally, researchers have employed neoplastic
human prostate tissues to devise systems from a clinical,
pathological, and cytological perspective that can assess
metastatic potential. However, such systems fail to be
reproducible (Fitzpatrick and Krane, 1989; van der Poel,
1991). The Whitmore system initially separated prostate
cancer into four categories (i.e., A,B, C, and D) based upon
digital rectal and pathological examination of the neoplastic
growth (Catalona, 1985). Based on the heterogeneity of the
cancer, Jewett subdivided the stages to form the Whitmore-
Jewett staging system (Catalona, 1985). The Columbia system
attempts to classify prostate cancer based on tumor volume and
degree of differentiation (Catalona, 1985). The tumor node
metastasis (TNM) system is based upon evaluation of prostate
tumor cells that have metastasized to the pelvic lymph nodes
(Catalona, 1985). These various clinical staging systems fail
to agree in stage nomenclature and proper procedures for
adequate and complete patient assessment. Considerable
staging errors have been reported in patients with clinically
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localized prostate cancer. Understaging, as it relates to
local tumor dissemination, has been documented in 7 to 56
percent of patients with clinical stage A or B disease, and
lymph node metastasis has been reported in up to 60 percent of
the patients with high-grade clinical stage B2 lesions
(Catalona, 1985). Clinical overstaging of prostate cancer has
been reported as well. Approximately 30 percent of patients
judged by rectal examination to have early stage C lesions
actually had confined tumors (Catalona, 1985). However, the
Columbia system is proposed to be the most useful, since it
considers clinically significant factors that can distinguish
between surgically resectable and unresectable disease
(Fitzpatrick and Krane, 1989).
Pathological grading systems include the following:
Gleason, Mayo Clinic, Mostofi, and Gaeta. The Gleason system
is based upon the degree of glandular differentiation in
prostatic carcinoma as determined by low power microscopy.
The Mayo Clinic system assesses the following seven distinct
pathological parameters: acinar structure, individual
cellular structure, individual nuclear characteristics, the
presence of nucleoli, cytoplasmic characteristics, mitotic
activity and the degree of invasiveness. Based upon
evaluation of these parameters, tumors are assigned a grade
between 1 to 4. The Mostofi system grades tumors based on
nuclear anaplasia and the degree of retention of normal
glandular differentiation. The Gaeta system is based upon
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histological and cytological parameters. Of these
pathological grading systems, the Gleason method is considered
the gold standard of prostate cancer grading (Fitzpatrick and
Krane, 1989).
Cytological grading systems are based on morphologic
appearance of the tumor fragments, the tendency of the tumor
to dissociate into single cells, and the degree of cellular
anaplasia present. All of this information is gathered from
fine-needle aspiration samples of the prostate (Catalona,
1985) . Cytological grades correlate with histological grades,
Gleason scores, and survival rates. However, since histologic
and Gleason scores are not reproducible in some cases, their
correlation with cytologic grades may be unwarranted
(Fitzpatrick and Krane, 1989). Diamond ^ al.. (1982)
demonstrated the relative nuclear roundness obtained from
these histological sections via a computerized digitizer pad.
This device was a successful prognostic indicator for human
prostate adenocarcinoma. Nevertheless, the use of fixed
tissue in prognostic regimen for prostate cancer is now a
concern (Mohler et al.. 1987; van der Poel et al.. 1991). The
findings of this study could not be confirmed in other
investigations (van der Poel, 1991). Therefore, nuclear
roundness is a questionable predictor of prostate cancer in
both histological and cytological material.
Recently, the various sviblines of the Dunning R-3327
system have been utilized to develop techniques that assess
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metastatic potential of prostate cancer (Mohler et al.. 1987
and 1989; Lowe and Isaacs, 1984; Zachary et al.. 1984;
Ramaekers e£ al.. 1989; and Carter et al.. 1988 and 1989;
Benson ^ al.. 1984). One of the most successful methods is
visual detection of cellular activities via time lapse video
imaging (Mohler et al.. 1987; Vol. 137 and 138). Visual
grading techniques attempt to assess metastatic potential
based on cell dynamics (i.e., cell motility, membrane ruffling
etc.) via time lapse videomicroscopy of cultured prostate
cancer cells. To date, characterization of the motility of
normal rat prostate cells and five different sublines (G, AT-
1, AT-2, AT-3, and ML) Of the Dunning system has permitted the
most accurate assessment of metastatic potential (Mohler ^
al.. 1987). The parameters used to indicate cell motility
were: (1) membrane ruffling (undulating appearance of the
plasma membrane), (2) pseudopodal extension (an arm-like
extension of the plasma membrane), (3) cellular translation
(movement of the cellular center from its point of origin),
(4) irregularity of pathway (a random direction of cellular
movement), and (5) gestalt (subjective assessment of the
motility of the cells from 0, completely motionless, to 3
bizarre motion). It was discovered that undulation,
irregularity of pathway, and gestalt could be excluded because
their accuracy was less than cell membrane ruffling,
pseudopodal extension, and cellular translation (Mohler et
al.. 1987; Vol. 137). By individually observing cell membrane
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ruffling, pseudopodal extension, cellular translation, and the
motility index (an average of cell membrane ruffling,
pseudopodal extension, and cellular translation), it was
possible to show that the low metastatic AT-2 subline
transfected with the v-Ha-ras oncogene had high metastatic
potential compared to the non-transfected AT-2 subline which
had low metastatic potential (Partin gt al.. 1988). To
evaluate the metastatic potential of the various sublines, it
was revealed that membrane ruffling, pseudopodal extension,
and cellular translation were the parameters that displayed
high accuracy of metastatic potential for these sublines. The
most efffective parameters for this evaluation were cellular
translation and pseudopodal extension combined (Mohler et al. .
1988; Vol. 138).
Using the Dunning sublines, it was demonstrated that a
cell surface charge correlated directly with metastatic
potential (Carter et al.. 1988 and 1989). Single cell
electrophoresis was employed to assess electrophoretic
mobility (cell movement in an electric field) , and a zeta
potential was computed ( negative electrical potential at the
cell surface). Data indicated a significant difference in
mean zeta potential between the non-metastatic and metastatic
phenotypes. Metastatic tumors had a much higher zeta
potential than their non-metastatic counterpart ( Carter et
al.. 1988). These observations were indirectly quantitated
via flow cytometry using cationized ferritin. The metastatic
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capacity of the Dunning sublines correlated with the binding
of the ferritin to the negative surfaces of the tumor cells
(Carter ^ al.. 1989; Carter and Isaacs, 1990).
Visual, biochemical, electrophoretic and computer-
assisted morphometric systems seem to have succeeded where
other techniques (ultrastructural, cytological, pathological
etc.) have failed to accurately discern the metastatic
potential of prostatic carcinoma (Mohler ^ al. . 1987 and
1988; Carter et al.. 1988 and 1989; Lowe ^ al.. 1984;
Fitzpatrick and Krane, 1989; Dalton, 1992). In addition,
electron microscopy of the various Dunning sublines in vivo
and in vitro failed to distinguish between metastatic and
nonmetastatic phentoypes (Isaacs et al.. 1986). Although
these aforementioned systems appear promising, follow-up
confirmatory studies must be executed to demonstrate their
accuracy (Fitzpatrick and Krane, 1989 and Mohler et al. 1987).
Recently, the percentage of adhesion of nonprostatic
tumors (i.e., teratomas, mammary carcinomas, bladder
carcinomas etc...) to a cultured endothelial cell monolayer,
subendothelial basement membrane, or matrix proteins (i.e.,
fibronectin) was investigated to establish a correlation with
tumor progression (Blood and Zetter, 1990; Chung et al.. 1988,
Vlodavsky and Gospodarowicz, 1981)). The adhesion of blood-
borne malignant cells to endothelial cells and the
subendothelial matrix in microvessels, appears to be a step in
the metastatic process (Licthtner ^ al.. 1989; Blood and
11
Zetter, 1990; Liotta, 1992). The data revealed that
metastatic tumor cells could adhere to and penetrate cultured
endothelial cell monolayers, and that these properties were
enhanced in highly metastatic tumor cells. This suggested
that the percentage of tumor cells attached to an endothelial
monolayer and its extracellular matrix correlated well with
its metastatic potential. In addition, it was established
that tumor cells' metastatic preference to specific organs is
mediated in part by the endothelial cell surface components
that are in turn regulated by the extracellular matrix of a
particular organ (Pauli and Lee, 1988; Zetter, 1989; Auerbach
et al.. 1987). These components, expressed at the endothelial
cell surface, could possibly be extracellular matrix
constiuents which have a chemotactic influence on a variety of
tumor cells (Allavena ^ al. . 1988; Lacovara ^ al.. 1984;).






The Dunning sublines,i.e., low metastatic AT-1 and high
metastatic ML and MLL, were maintained in RPMI-1640 media or
meditim 199 with 10% heat inactivated fetal bovine serum,
0.125% gentamicin (50mg/ml), 1.25% fungizone (250 mcg/ml),
0.825% hepes (IM), and 1% L-glutamine (200mM). The Dunning
cells were maintained iji vitro on sterile gamma irradiated
tissue culture flasks in a 5% COg - 95% air incubator.
Endothelial Cell Culture
The bovine aortic endothelial cells (BAEC) were cultured
in F-12 media with 10% fetal bovine serum, 1% penicillin, and
0.5% fungizone.
Biometric Analysis
The selected Dunning sublines were plated in plastic cell
culture flasks and were allowed to incubate 24 hours prior to
video image analysis. These cells were characterized within
a 24 hour period by their area and shape using the following
Bioguant biometric parameters: (1) area is the degree of
surface a cell occupies or cell spreading, where area » pi x
radius squared; (2) shape factor displays the degree of
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cellular circularity where 0.0 is a line and 1.0 is a perfect
circle, (shape factor = 4 x area x pi / perimeter squared).
Cell motility was analyzed within 6 hours via the bioquant X
and Y coordinates array. This array determined the specific
numerical location of a cell on the X and Y axes. At 6 hours,
the numerical location on both X and Y axes was substracted
from the numerical location on the respective axis at 0 hours
and a modified Pythagorean theorem was applied to get the
distances covered by a cell in 6 hours. The formula for the
modified Pythagorean theorem was as follows; distances =
square root [ (Y^-Yq)^+(X^-X(,)^] where subscripts 0 and 6
respresent the time in hours. One-hundred-ninety-seven cells
were analyzed according to their area and shape factor and
ninety-eight cells were analyzed according to their motility.
Computation of the area, shape factor, and x and y coordinates
were based on two-dimensional images. The video-imaging
system (Fig. 2) consists of a Leitz Labovert inverted
microscope (SOX magnification). A MTi television camera
attached to this microscope photographs the dish or flask
throughout the duration of the experiment at 8 second
intervals. The microscopic images of the cell cultures were
displayed on two Panasonic monitors which were connected to
the Leitz Labovert inverted microscope and recorded by a
Panasonic video cassette recorder. Analysis of data was done
with an IBM-AT computer and the BioQuant R&M Biometric
software package (R&M Biometric,Inc.; Dalton, 1992).
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Tumor Cell Adhesion Assay
Dunning tumor cells were prelabeled for 64 hours or more
with 1 uCi/ml (^H) thymidine (5 Ci/mmol) (Lichtner et al..
1989; Alby and Auerbach, 1984). The endothelial cells were
grown to confluency and maintained in 35rom dishes until
needed. Also, 35mm petri dishes were coated with fibronectin
(lOug/ml) (Collaborative Research Incorporated) . Prior to the
addition of tumor cells, the endothelial cells were washed 3
times with serum-free medium and maintained in adhesion medium
(1% fetal serum) (Lichtner et al.. 1989). The labeled cells
were added onto a confluent endothelial monolayer or
fibronectin matrix. At incubation times of 8, 16, and 24
hours for the endothelial cell monolayer dishes and 2 hours
for the fibronectin coated dishes at 37 degrees Celsius,
without agitation, the non-attached cells were removed by
gentle pipetting. Afterward, the BAEC monolayers and
fibronectin coated dishes were washed three times with
phosphate buffered saline (PBS) or Hank's Balance Salt
Solution (HBSS). The remaining firmly attached cells were
dissolved in 1ml IN NaOH for 5 minutes to release the labeled
thymidine, neutralized with an ec[ual volume of IN glacial
acetic acid, and quantitated via Beta-scintillation.
Triplicate samples were used for each time period for BAEC
monolayered plates and duplicate samples were used for
fibronectin-coated plates. The percent adhesion was
calculated as follows: number of cells attached per 35mm dish
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divided by the total number of cells per 35mm dish X 100%.
Tumor Cell Chemotaxis Assay
The Dunning sublines (AT“1,ML, MLL) were prelabeled for
64 hours or more with 1 uCi/ml (jH) thymidine (5 Ci/mmol) .
These cells were assayed using Boyden chambers (Neuroprobe,
Inc.). The bottom chambers were filled with serum-free RPMI
1640 containing chemo-attractant (fibronectin, 300ug/ml) or
plain RPMI 1640 serum-free medium. One-hundred microliters
of radio-labeled Dunning cell suspension was placed in the
upper chamber separated from the lower by a transparent,
polycarbonated membrane (pore size Sum; Nuclepore Corp.) The
Boyden chambers were incubated for 6 hours at 37 degrees
Celsius. Following the incubation, all cells were physically
dislodged that had migrated through the pores and attached to
the under surface of the membrane (Baily, 1992; Baily et
aLs.,1985) . The suspensions in the upper chambers were removed
and the chamber was flushed out three times with cold
phosphate buffer saline (PBS; pH 7.4) to remove loosely
attached cells (Baily, 1992). The suspensions in the lower
chamber were treated with 1 ml IN NaOH for 5 minutes and
neutralized in an equal volume of IN glacial acetic acid.
Chemotaxis was determined by the amount of radioactivity (cpm)
present in each bottom chamber suspensions via liquid-
scintillation. The percent of chemotaxis was calculated as
cpm per chamber divided by the total cpm per lOOul of radio-
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labeled cell suspension X 100. In addition, the
polycarbonated filters were prepared in the same manner for
liquid-scintillation quantitation as the lower chamber
suspensions. The filters were analyzed for the percent of
cells remaining attached on the underside after dislodging
procedures. The percentage of cells attached were computed by
the following: cpm per filter divided by the total cpm per
lOOul of radio-labeled cell suspension times 100.
Statistical Analysis
Preliminary studies were analyzed via descriptive
statistics (means and standard deviations). The p-values for
biometric analysis were computed via student independant t-
tests. P-values for tumor cell adhesion and chemotaxis assays
were calculated via parametric Tukey's t test. Both






The prognosis of prostate cancer has been primarily
determined by standard pathological examination of chemically-
fixed tissue. Since many of the sublines of the Dunning R-
3327 rat adenocarcinoma are histologically similar yet differ
in metastatic potential, the development of another
examination to assess metastatic potential is warranted
(Isaacs ^ al.. 1986). It has been reported that time lapse
videomicroscopy has successfully described metastatic
potential of dynamic tiimor cells (Mohler ^ al.. 1987 vols.
137,138). In view of this, the BioQuant Video Image Analysis
system has been employed to study the Dunning R-3327 rat
dorsal prostate adenocarcinoma cell system. Preliminary
studies have attempted to distinguish between non-metastatic
HI-F cells and highly metastatic ML cells using computer
assisted biometry. Our data showed that HI-F cells
demonstrated a larger cellular area compared to ML cells (Fig.
3). The highly metastatic ML cells did not demonstrate a
difference in shape factor and cell movement from the non¬
metastatic HI-F (Figs.4 and 5).
Nonmetastatic HI-F and highly metastatic AT-3 cell area
and shape factor were assessed during their association with
a bovine aortic endothelial cell (BAEC) monolayer at time
19


























intervals of 0, S, and 24 hours. Initial data indicates that
there was an increase in HI-F cellular area and a decrease in
AT-3 cellular area (Table 2). The shape factor of HI-F cells
slightly decreased as time elapsed from 0 to 24 hours, while
the shape factor of AT-3 cells decreased from 6 to 24 hours.
Biometric Analysis
For this and subsequent studies, the focus was on
comparing tumor cells within the AT-1 ,1CL, MLL lineage instead
of comparing tumor cells between two different lineages within
the Dunning system (Fig. 1). Biometric analysis revealed that
ML had a significantly smaller area than AT-1 (p<.05) however,
there was no significant difference between AT-1 and MLL (Fig.
6). Also, AT-1 shape factor (Fig. 7) was significantly lower
than ML shape factor (p<.05). No significant difference exist
between AT-1 and MLL shape factor. However, AT-1 could be
distinguished from ML and MLL via the distance covered within
a 6 hour time period on the X and Y axes, p<.05(Fig. 8). AT-1
had a lesser degree of motility compared to ML and MLL. The
photographs are visual depictions (Fig.9) of AT-1 cell
motility at 2 hour increments within 6 hours. The distance
migrated was calculated by employing the modified Pythagorean
theorem described in the materials and methods (page 14).
Tumor Cell Adhesion
Incubation of low (AT-1) or high (MLL) metastatic
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Table 2. HI-F and AT-3 biometry on BAEC
monolayers as a function of
time.
Cancer cells Area Shape Factor
6 hours 24 hours 6 hours 24 hours
HIF NAD 43%t NAD 10% i
AT-3 48«| 16% i NAD NAD






























Figure 9. AT-1 motility at 2 hour
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Dunning prostate tumor cell lines with intact monolayers of
bovine aortic endothelial cells, resulted in a successful
separation of the two phenotypes at 8 and 16 hours, p<.05 and
p<.01, respectively (Fig. 10). Incubation of AT-1, HL, and
MLIi cells on fibronectin coated and plastic dishes within a 2
hour period, revealed that the high metastatic phenotypes had
significantly greater adhesion percentage to fibronectin
compared to AT-1, p<.01, (Fig. 11). This finding correlated
with the metastatic potential in this lineage of the Duiming
system. A significant increase was also observed between AT-
1, }SL, and MLL attachment to fibronectin-coated dishes versus
plastic, p values were less than .05, .01, and .001,
respectively.
Tumor Cell Chemotaxis
AT-1 exhibited a higher chemotactic reponse to
fibronectin gradient transversing the bottom and upper
chambers compared to MLL, p<.05 (Fig. 12). There was no
statistically significant difference between AT-1 and ML
chemotactic reponse to fibronectin. There also was no
statistically significant difference between the three Dunning
sublines chemotactic response to fibronectin compared to
controls (i.e., serum-free medium without fibronectin).
Evaluation of the polycarbonated filters from experimental 2uid
control chambers failed to statistically distinguish high
metastatic ML and MLL from low metastatic AT-1 (Fig. 13).
29






Figaire 11. AT-1, ML/ and MLL percentage











Figure 12. Dunning tumors chemotactic response to
medium containing and lacking fibronectin
within 6 hours. Medium lacking













When cultured cells enter the mitotic phase of the cell
cycle, the morphology changes from a flattened to circular
configuration. As a result of this change, these mitotic
cells cover less surface area on a given substratiun (Albert et
al.. 1983). Populations of cells with "short doubling" times
are expected to have, in general, a higher degree of
circularity and a lower degree of spreading versus cell
populations with "longer-doubling" times. Therefore, the
faster the cells grow the more rounded they are and the less
they spread. With this in mind, analyzing cellular shape
factor (i.e., degree of circularity) and area (i.e., degree of
cell spreading), via the Bioquant Biometric software, appears
theoretically reasonable for distinguishing low metastatic
cells from high metastatic cells if their growth-rates
correlate with their metastatic potential. Preliminary
findings in our laboratoiry demonstrated that slow-growing HI-F
cells had a greater area than faster-growing ML cells.
However, there was no significant difference between HI-F and
ML shape factors. Despite these results, we attempted to
apply the above parameters to cells of one lineage within the
Dunning model system instead of two cell lines from different
lineages. It is important to note that the original Dunning
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R-3327 tumor in individual rats progresses within either the
G, AT-2, HI-S to AT-3, or AT-1 to ML or MLL lineage. In
short, once the original Dunning tumor commits to one lineage
it progresses exclusively within that lineage (Isaacs al..
1986).
In the AT-1 to ML or MLL lineage, cell-doubling time is
inversely proportional to metastatic potential (Isaacs et al..
1986). Our data revealed that fast-growing AT-1 cells had a
significantly higher area than faster-growing ML cells but not
faster-growing MLL cells. In this study, cell spreading
(i.e., area) appears to correlate with cell-doubling time as
the AT-1 tumor progresses to ML. Conversely, a correlation
does not exist between cell spreading and cell-doubling time
as the AT-1 progresses to MLL. Shape factor also was not
successful as a parameter for distinctly separating low
metastatic AT-1 cells from high metastatic MLL cells.
Nevertheless, shape factor was effective in distinguishing low
metastatic AT-1 cells from high metastatic ML cells. This
indicates that as cell-doubling time decreases as AT-1 tumor
cell progresses to ML tumor cells in vitro, cell circularity
increases. However, there was no statistically significant
differences between AT-1 and MLL shape factor. A reason for
this outcome has not be elucidated by this study.
In an initial study, we attempted to apply area and shape
factor arrays to Dunning cell lines (high metastatic AT-3 and
nonmetastatic HI-F) grown upon a BAEC monolayer instead of a
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plastic substratum. Kramer and Nicholson (1979) demonstrated
via Scanning Electron Microscopy, that cells attached to an
endothelial monolayer remained spherical. After a period of
time, these cells elicited endothelial retraction and spread
on the underlying extracellular matrix. In view of this
information, we hypothesized that as time elapsed, a high
metastatic cell would display a decrease in shape factor and
an increase in cell spreading as indicated via area parameter.
Concerning nonmetastatic cells, no significant difference in
area and shape factor was expected. The data generated
suggests that AT-3 cells were not transversing the monolayer
and spreading on the underlying basement membrane.
Conversely, based upon the previously mentioned hypothesis,
HI-F cells appear to mimic a high metastatic cell profile.
However, HI-F cells could be spreading over the BAEC
monolayer, since it was not evident via light microscopy that
endothelial retraction was taking place under the HI-F cells.
Nevertheless, cells that are nonmetastatic, low metastatic,
and highly metastatic, are capable of adhering to an
endothelial monolayer, promoting endothelial disjunction and
spreading on subendothelial basal lamina (Kramer and
Nicholson, 1979). Therefore, other steps may be required in
some tumor model systems to elucidate the metastatic
potential.
One of many characteristics of metastatic cells is high
motility (Liotta, 1992; Blood and Zetter, 1990; Carter and
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Isaacs, 1990; Mohler gt al.. 1988) . The data presented herein
is supportive of published communications from other
investigators (Mohler et al.. 1987, vols. 137 & 138; Mohler et
al.. 1988; Partin et al.. 1989). These investigators
demonstrated that AT-1 could successfully be distinguished
from ML and MLL based upon their motility. Using the
biometric array X/Y coordinates, we were also successful in
distinguishing AT-1 from ML and MLL.
Another characteristic of metastatic cells is endothelial
adhesion (Liotta, 1992, Blood and Zetter, 1990; Auerbach ^
al, 1987; Lichtner ^ al.. 1989; Hart ^ al., 1989) . Prior to
organ invasion, a tumor cell must be able to adhere to the
endothelial cell lining of the microvessel, elicit endothelial
retraction, and subsequently attach to the underlying
subendothelial matrix (Kramer and Nicolson, 1979; Nicolson,
1982; Vlodavskv et al.. 1982; Blood and Zetter, 1990; Lichtner
et al. . 1989). It has been demonstrated that tumor
attachment to an endothelial monolayer and its underlying
basement membrane correlates in some cases with spontaneous
metastatic potential (Blood and Zetter, 1990; Pauli and Lee,
1988) . However, the results of our adhesion assay using the
Dunning sublines, correlated inversely with metastatic
potential. One possible reason for this outcome could be due
to the incubation times chosen. The time needed for these
particular cells to attach to an endothelial monolayer was not
known at the time of our study. The MLL and AT-1 cell
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sublines have been observed in this laboratory attached to
plastic flasks between 8 and 24 hours after plating,
therefore, it was assumed that incubation times greater than
8 hours would be sufficient for cell attachment to a BAEC
monolayer. It appears that the incubation time intervals were
too long for this assay. Comparatively, there was no
statistically significant difference between MLL percentage of
adhesion from 8 to 24 hours. In addition, there exists no
statistically significant difference between AT-1 adhesion at
8 and 16 hours, yet, there was a significant decrease in AT-1
adhesion percentage at 24 hours (p<.01). This suggests that
after 16 hours, the AT-1 cells started detaching from the
monolayer and MLL cells remained statistically constant from
8 to 24 hours. Furthermore, MLL is more anchorage-independent
than AT-1 (Isaacs et al.. 1986) possibly inferring that prior
to the 8 hour adhesion assessment, some of the MLL cells
detach. Other investigators analyzed such an assay between
30 minutes and 6 hours (Vlodavsky ^ al.. 1982; Kramer and
Nicolson, 1979; Auerbach ^ al.. 1987, Winkelhake and
Nicolson, 1976) . This information suggested that an
incubation period within 0.5 to 6 hours is sufficient for this
particular assay.
The subendothelial matrix of BAEC contain predominately
fibronectin (Birdwell et al.. 1978; Kramer ^ al.. 1980) . In
many tumor systems, the adhesive interactions with the
extracellular matrix (Lichtner ^ al.. 1989; Blood and Zetter,
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1990) and their components correlate with metastasis (Lichtner
et al.. 1989). Furthermore, extracellular components are
proposed to play a role in organ-specific metastasis (Chung et
al.. 1988; Lichtner et al. . 1989; Blood and Zetter, 1990).
This is based on the fact that the distribution of basal
lamina proteins within the basement membrane vary from organ
to organ (Chung et al.. 1988; Blood and Zetter, 1990). For
instance, lung-disseminating cells appear to have a
preferential binding to fibronectin (Chung ^ al.. 1988). We
have demonstrated that high metastatic, lung-colonizing ML and
MLL cells can be distinguished from low metastatic AT-1 cells
using fibronectin-coated dishes. This approach correlates
successfully with metastatic capabilities, thus, concurring
with published reports (Lichtner et al..1989. Blood and
Zetter, 1990; Chung ^ al.. 1988). In addition, the data
demonstrates that the previously mentioned Dunning sublines
possess a higher affinity for fibronect in-coated dishes versus
plastic substratum.
It has been documented that chemotactic factors for
metastatic tumor cells are fragments of biomatrix constituents
that are generated via tumor-derived enzyme activity (Zetter,
1990). In addition, a tumor cell's chemotactic response is
based on a concentration gradient of specific substratum
adhesion molecule(s) for which the tumor cells have a
preferential affinity. Based on these reported findings,
attempts were made to see if the chemotactic potential of the
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rat prostatic tumor cells to a fibronectin gradient correlated
with metastatic potential. Since high metastatic ML and MLL
cells have higher attachment percentages to fibronectin-coated
dishes than the low metastatic AT-1 cells, a higher
chemotactic response was expected for the high metastatic
cells compared to the low metastatic cell. To carryout this
particular study, we utilized Boyden chambers. The data
herein correlated inversely with metastatic potential in one
case (i.e., AT-1 had a higher chemotactic response than MLL)
and not at all in the other (i.e., no significant difference
between AT-1 and ML chemotactic response). This observation
conflicts with studies elsewhere (Mensing al.. 1984). It
is reported (Mensing et al.. 1984) that the number of migrated
cells toward fibronectin is greater for high metastatic cells
than for normal or low metastatic cells. Also, the filter in
each Boyden chamber was quantitated for cells remaining
attached after dislodging procedures. Cells that had migrated
through the pores and adhered to the underside of the filter,
were removed according to (Bailey ^ al.. 1985). Flushing
the upper compartment of the chamber several times with cold
PBS was suppose to remove all cells attached on the top of the
filters (Bailey, 1992). However, in the event that cells
remained attached to the underside of the filter, the filters
in each Boyden chamber were analyzed to see if the prostate
cancer cells attachment percentage correlated with metastatic
potential within the AT-1 to ML or MLL cell lineage. This
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method, however, was not successful in separating high
metastatic cells from low metastatic cells in either control
nor fibronectin studies. These results suggest that although
high metastatic lung-colonizing tumors in this lineage (AT-1
to ML or MLL) adhere at a higher percentage to fibronectin
than low metastatic AT-1 cells, it appears that other factors
working in concert with fibronectin may be required to enhance
chemotactic potential of ML and MLL cells (Mensing gt al..
1984).
Future investigations based upon the information
presented in this study, involve analyzing the Dunning cells
biometry and motility on biological substratum, particularly
fibronectin and matrigel (Albini et al.. 1987) . It is well
established that the underlying substratum (i.e., plastic)
plays a role in cell shape and spreading (Madri e^ al.. 1988;
Vlodavsky and Gospodarowicz, 1981; Albini et al. . 1987).
Various human prostate cancer cells plated onto a matrigel
substrata were different morphologically than prostate cells
cultured on plastic substrata (Albini gt al. . 1987). When
plated on plastic, these prostate cancer cells with varying
metastatic capabilities could not be distinguished. However,
when plated onto a matrigel substratum, separation of prostate
cancer cells with different metastatic potential was
successful (Albini g:£ al.. 1987) . Noteworthy, is that the
greater the adhesion potential of a cell to a particular
substratum the more the cell will spread on that substratum
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and the less it will move (Madri et al.. 1988). Within the
context of our investigation, this information implies that a
cell population with a high adhesion capability for a
particular substrata would have a higher area, lower degree of
circularity, and lower degree of motility versus a cell
population with a lower affinity for the same substrata. In
addition, the percentile attachment of Dunning sublines with
varying metastatic potential to a BAEC monolayer and
subendothelial matrix will be studied at an incubation time
between 0.5 and 6 hours. Finally, this investigation will
continue to study and elucidate the putative significance of
fibronectin and other biomatrix components in predicting





In svunmary, this investigation devised methods whereby
metastatic potential of the various Dunning sublines could be
accurately determined. Based on the data generated, the
following conclusions can be made:
1) The biometric evaluation of cell area, shape factor, and
motility does distinguish high metastatic cells from low
metastatic cells in some cases. For example, AT-1 cells
could be distinguished from ML cells by their area and
shape factor but AT-1 cells could not be distinguished
from MLL cells based on these parameters. However, AT-1
could be successfully seperated from high metastatic ML
and MLL based on their motility.
2) The percentage of rat prostatic tumors adhering to a BAEC
monolayer was inversely proportional to metastatic
potential.
3) The percentage of rat prostatic tximors ( AT-1, ML, and
MLL) adhering to fibronectin-coated dishes increased
significantly with metastatic potential.
4) The Dunning sublines chemotactic response to fibronectin
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